Excitonic solar cells hold great promise for enabling the production of large-scale solar power at low costs 1 . The most efficient of these cells utilize a type II donor-acceptor heterojunction to facilitate the separation of otherwise bound excitons 2 . Donor-acceptor cells based on simple planar architectures are limited in thickness, and in turn efficiency, by small exciton diffusion lengths. Yet when donor and acceptor materials are blended to create an interspersed or bulk heterojunction, cells can be made thick enough for strong absorption while still allowing for efficient charge separation 3, 4 .
Nanocomposite bulk-heterojunctions constitute the most efficient class of polymer-based solar cells; however, their superior performance is contingent upon on a complex
architecture that is extremely difficult to control [5] [6] [7] [8] [9] [10] . The ideal nanocomposite solar cell architecture allows the small domain sizes and large interfacial area required for optimal charge separation while still providing directed pathways for rapid carrier conduction to a set of carrier-selective electrodes. The majority of actual bulk heterojunction cells are fabricated by co-deposition of a random donor/acceptor composite from solution, and though simple and inexpensive, this process offers little control over parameters such as blend morphology and electrode contacts, which are critical in determining the ultimate cell performance. Even characterizing the structure of co-deposited films can prove a difficult task, requiring one to rely on indirect indicators such as surface roughness or final device performance to infer the quality of the blend 11 .
The limitations of co-deposited bulk heterojunction blends are readily evident in traditional hybrid polymer-nanocrystal solar cells, which consist of a hole-conducting polymer, poly(3-hexylthiophene) (P3HT), blended with inorganic semiconductor 3 nanocrystals 12, 13 . Typically, hybrid composites are co-deposited via spin-casting from a solution containing both pyridine and chloroform. An optimal mixture of these two solvents can stabilize both the organic and inorganic phases, thereby allowing for deposition of an intimate random blend film. Unfortunately, the perfect solvent mixture is hard to ascertain, and the ultimate blend morphology remains highly sensitive to solvent concentrations as well as variations in the nanocrystal synthesis and processing 11, 14 . Blend defects such as islands and aggregation are common, and while varying the type and proportions of solvents used can help mitigate their effects and improve device performance 15 , the random nature of the blend film inhibits alignment of the blend domains, interfering with the conduction and extraction of photoexcited carriers ( Fig 1A) .
Here, we present a technique to create ordered and easily characterized hybrid composites by sequential deposition of tetrapod-shaped cadmium telluride (CdTe) nanocrystals and P3HT.
We have previously demonstrated that tetrapod-shaped CdTe nanocrystals can be readily synthesized and prepared in solution, with a wide range of control over arm diameter and length 16 . We now show that such nanocrystals can be used as a template for creating ordered composite structures with controlled dispersion. Figure 1 schematically illustrates the desired architecture (1B), and presents a transmission electron micrograph of the tetrapod nanocrystals utilized in this study (1C). The composite fabrication approach is simple. First, nancrystal tetrapods are deposited on an electrode surface.
Deposition can be achieved via spin-casting or, alternatively, an amphiphilic linker molecule may be used to anchor the nanocrystals to the desired surface 17 . At this stage, the nanocrystal density and dispersion on the surface can be easily characterized by 4 scanning electron microscopy. The unique tetragonal structure of the nanocrystals gives rise to a natural ordering in the deposited films; three arms of each tetrapod contact on the substrate at its base while the fourth arm points up, perpendicular to the substrate. This ordering remains evident in the composite films, created by spin-casting a polymer from its optimal solvent to cover the nanocrystal film. to anchor a second layer to the surface (Fig 2E) . Repeating this procedure can yield even denser nanocrystals arrays. In choice of linker molecule and number of deposition steps, one can thus tailor the loading of nanocrystals that will appear in the final composite film.
Finally, extremely dense nanocrystals films can be deposited via spin-casting (Fig 2F) . Figure 3 shows several hybrid composites created by this approach. Since a single template of nanocrystals deposited on ITO (Fig 3A) was used for all composite films, the loading and dispersion of nanocrystals remain constant across the series. However, the figure illustrates a further degree of control afforded in creating nanocrystal-polymer composites by this approach. By varying the concentration of the solution from which the polymer is spin-cast, the height to which the polymer matrix covers the original 5 nanocrystal template array can be easily adjusted. Composites can thus be created in which much of the nanocrystals remain exposed (Fig 3B) , or only the tips of the nanocrystals remain exposed (Fig 3C) . Increasing the concentration of P3HT yields films in which the nanocrystals are embedded within the polymer matrix (Fig 3D) . Finally, the most concentrated polymer solutions yield composites with nanocrystals deeply embedded (Fig 3E) . This wide range of architectures is fabricated simply by varying the concentration of spin-cast P3HT in solution from 5 mg/ml to 15 mg/ml. Such control is of particular interest in the fabrication of electronic devices, allowing for intentional and determinate contact by the top electrode to either only one particular phase or to both phases simultaneously.
Preliminary studies of photovoltaic devices based on the controlled composites shown in 
